Abstract
is a food and water-borne bacillus. Infection results from ingestion of food and water that is contaminated with the bacteria. Contamination is achieved by fecal materials of either a typhoid patient or of a healthy, asymptomatic carrier.
Typhoid fever is transmitted via the fecal oral route, that is from the faeces of the patient or carrier to the mouth of the susceptible person by the ingestion of contaminated of food or water or by dirty hands. Foods may become vehicles of typhoid transmission in the following ways: the use of fresh "night soil" as fertilizer for vegetables; the use of contaminated water in cold drinks and in the preparation of foods such as fruits and vegetables; or ready to eat foods contaminated by storage in contaminated containers or by sprinkling with contaminated water. In Malaysia typhoid is still endemic 5 but the outbreak usually occurs in one part of the country, such as the state of Kelantan located in the northern part of Peninsular Malaysia. This study will try to understand the spatial pattern of typhoid cases in that state by choosing one of the administrative districts as a sample. Because of the nature of spatial data the geographical information system (GIS) was utilised in this study. The objective of this study was to identify the spatial epidemiology of typhoid fever in the district of Kota Bharu from the year 2001 to 2005. The main characteristic of the epidemiological pattern that we were interested in was whether typhoid cases occurred in clusters or were evenly distributed throughout the area. We also wanted to know at what spatial distances they were clustered.
METHODS

Study area
This study was done in the district of Kota Bharu, one of 10 administrative districts in state of Kelantan that is situated in the north eastern part of Peninsular Malaysia. The district of Kota Bharu was then divided into 15 sub districts with total population of 398, 835.
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The 15 sub districts are Kota Bharu, Panji, Lundang, Kemumin, Kota, Badang, Limbat, Sering, Pendek, Banggu, Pangkal Kalong, Kadok, Peringat, Salor and Beta. The total area of the district is 399.881 km square. In terms of racial distribution, the majority of the population in Kelantan are Malays, comprising 92.6% of total population, compared to 5.35% Chinese and 0.33% Indian. Kelantan was chosen because typhoid cases occur almost throughout the year and it has the highest incidence of typhoid cases in Malaysia. During the year 2005 outbreak, the district of Kota Bharu had the highest number of cases. 
Study design and data collection
All confirmed typhoid cases that were reported to the Kota Bharu District Health Department from the year 2001 to June 2005 were taken as the samples. From the home address of the cases, the location of the house was traced and a coordinate was taken using handheld GPS devices. The coordinate format that was used in the study was Rectified Skew Orthomorphic (RSO) format because that was the format of the base map available.
Data analysis
Spatial statistical analysis was done to determine the distribution of typhoid cases, whether clustered, random or dispersed. Before the analysis all the data was converted into the dbf format and then imported by the ArcView ® 9.1 software for display. For spatial statistical analysis, the analysis was done using CrimeStat III software 9 and later displayed in ArcView ® 9.1 software. There were three phases of the analysis. Initially the general tendency of occurrence of cases was analysed using average near neighbourhood method for each year. General clustering would detect the overall tendency of typhoid cases as random, clustered or dispersed. Then analysis was done to determine at what spatial distance the typhoid clusters occurred, using Ripley's K function analysis. In the third phase, the hot spot area was identified using the nearest neighbour hierarchical spatial clustering method.
Nearest neighbourhood analysis
The Nearest neighbourhood method will calculate the ratio between the observed average distance of the cases to the nearest neighbour and the expected average distance of that case if all the cases are distributed randomly. The ratio is called the Nearest Neighbourhood Index. If the ratio is less than 1 then the observed distribution is considered clustered. If the ratio is larger than 1 then the observed distribution is dispersed. If the ratio is equal to 1 then the observed distribution is random.
Ripley's K-function Analysis
The nearest neighbour index is an analysis for first order spatial randomness. For Ripley's K function it is called a 'super-order' nearest neighbour statistic because it provides a test of randomness for every distance from the smallest up to some specified limit area. 10 It is designed to measure local clustering, compared to NNI that measures general clustering. Hence it can used to analyse at what spatial distance the distribution of cases clustered. It is also can be used to compare the observed distribution to other distributions, such as which distributions were more clustered than others. In this study, the K function was calculated using CrimeStat III software. For easier interpretation the K value was transformed using the CrimeStat III software into L(d) function and plotted as a graph.
To determine the significant level of the function, the L(d s ) function was compared to a confidence limit for random distribution created using Monte Carlo simulations. When the observed L(d s ) exceeds the upper confidence limit that was calculated, it indicates a significant clustering. 
Nearest neighbour hierarchical spatial clustering method
The 'hot spot' method in cluster analysis is a method that identifies groups of incidents or cases that are clustered together. For hot spot analysis the method used in this study was the nearest neighbour hierarchical spatial clustering method in CrimeStat III. It uses the distance between each case and its nearest neighbour and identifies which of the cases is spatially close. It identifies clusters that were put together on the basis of certain criteria. One of the criteria was a threshold distance; that is, a distance that identifies if any case is close enough to its neighbour to become a cluster. The threshold distance can be determined randomly by adjusting the probability level for selecting any two points (a pair) on the basis of a chance in t distribution. For example, if the cases were randomly distributed, data and p value was taken as <0.05 level (in t distribution), then only about 5% of the pairs would be closer than the threshold distance. Only points that are closer to one or more other points than the threshold distance are selected for clustering. Other criteria would be a minimum number of points that are close enough to be included as a cluster. If any of the cases (represented as a point) satisfy both criteria, they would be included as a cluster at the first level or a first order cluster. This test is called hierarchical because it seeks the next hierarchy of cluster by clustering the first order cluster that is close enough to become the next level of cluster. 
RESULTS
General findings
Spatial statistical analysis
General clustering
The nearest neighbourhood index was used to determine the general distribution of cases, either clustered or dispersed. There were significant findings for the years 2001, 2002, 2003 and 2005 . Since the nearest neighbourhood index was significantly below one, the distribution of typhoid cases in Kota Bharu District was clustered. 
Ripley's K function Figure 2. L(d) of K function analysis for typhoid cases yearly from 2001 to 2005
Figure 2 shows that typhoid clustering occurs strongly for distances up to 6 km, after which the L(d) pattern starts to go down, nearing the L_CSR line. Although for the year 2004 no general clustering was found by using the nearest neighbourhood index, significant findings for clustering was present when using K function analysis. However, the significance was only up to 1 km radius only, because at that spatial distance it crosses over the confidence limit of random distribution according to Monte Carlo simulation.
Where L(d)_MIN and L(d)_MAX was a curve for the confidence limit for random distribution.
Hence from this study, we found out that typhoid tends to occur in clusters and the distance at which they cluster is within 6 km.
Hot Spot clustering
The 'Nearest neighbour hierarchical spatial clustering' method for each year was used to detect hot spot areas. Figure  4 and Figure 5 ). When all the cases were combined and the analysis applied, seventeen 1 st order clusters and two 2 nd order clusters were found ( Figure 5 ). These findings imply that typhoid cases usually occurred in clusters especially during the outbreak. 
DISCUSSION
Generally only 736 cases (86.1%) had coordinates and were involved in the analysis using geo-referenced data. The main reason of failure to trace addresses was incompleteness of the addresses given by the notification list. Another possible reason would be that some areas were remote and difficult to access by road. This problem could be eliminated if GIS had been used as a tool in the case investigation, when all the cases would have been given a specific coordinate. A patient's house has been used as a reference because typhoid cases are usually transmitted from the chronic carrier and a majority of the transmissions usually occur at home. Most of the exposures also occur at home because that is where people spend most of their time. This does not mean that people cannot get infected outside their houses, but this reference has to be made because for more precise and detailed investigation more details and precise data has to be available and that detailed information was not available for this study.
In this study it was shown that typhoid cases usually occur in clusters. This was expected because with infectious diseases, each case that occurs usually occurs near other cases because the causative agent would be present in the surrounding area. This fact is especially important for typhoid cases because the majority of them are transmitted by contamination of food or drinking water by a chronic carrier. Hence identification of a disease cluster is important because all cases in the cluster might be related to the same carrier, and a more detailed investigation could be done to identify the sources. One important aspect of spatial clustering is at what distance a cluster occurs and where it happens. This is important because during investigation of typhoid cases, especially during the outbreak, resources have to be used optimally and identification of where and at what distance it usually occurs can be helpful. From analysis of the K function in this study we found out that typhoid cases clustered strongly up to a distance of 6 km. This finding was important because the investigation of typhoid cases could be concentrated within a 6 km radius of any case, either for active case detection or for carrier detection study. Even identifying the location of a hot spot area could make the investigation and study of typhoid cases more efficient. of the analysis used in this study. For each of the analysis method there will be some limitation that will depend on the method of calculation used in each analysis. For the nearest neighbourhood index, the form and boundaries of the area analysed could affect the result. If the studied area is long and narrow, the expected distance would be smaller and this could make the result more likely to become a cluster. The nearest neighbourhood index is also influenced by cases located in the same place and very close to each other. If many cases were like that, the mean distance would become smaller and could affect the result. This limitation was removed under K function analysis because it counted using all the distance relevant in the study area, thus limiting the influence of cases that occur in the same place.
For nearest neighbour hierarchical spatial clustering analysis, the result was subjective, depending on the minimum distance and minimum number of cases to create a cluster. By changing the parameter input in the software, the result could change. Variation in size of features also could influence the results. However the limitation was minimised in this study by using all three methods of analysis for purposes that were different but related to each other.
In conclusion, spatial statistical analysis shows that typhoid cases occur in clusters, especially during the outbreak in 2005. The method used in this study was useful in identifying the cluster of typhoid cases and also in determining at what spatial distance the cluster occurs. It could also be used to identify the hot spot area, the area where most likely the clusters had occurred.
